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ABSTRACT 
 
People nowadays love to travel but they have to bring a lot of stuff during the 
travel including compass and maps.  For Muslim travelers, they even have to bring 
Qibla pointer as they must be faced to Qibla while performing their five times prayer 
throughout the day and the night regardless of the location.  Thus, there is a need for a 
simple and cost effective device to facilitate these travelers.  This compass-based device 
finds the direction of Magnetic North through built-in compass (HMC6352).  HMC6352 
gives output heading which then be sent to PIC18F452.  As the brain of the device, 
PIC18F452 processes the output heading to be displayed as digital numeric readout on a 
16×2 LCD. With database of longitude and latitude for 14 locations in Malaysia 
installed in this device, Qibla direction is determined using the solution of spherical 
triangle. The solution involves longitude and latitude of user’s current location and 
Makkah.  C language is used to develop the algorithm for the solution in CCS C 
Compiler.  The calculated direction of Qibla is indicated in degree as well as Magnetic 
North direction which are pointed out by an arrow on the device.  This device is reliable 
as there is only 2.147% of Qibla angle difference between this device and JAKIM 
database.  In short, this device is successfully developed to be used anywhere in 
Malaysia. 
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ABSTRAK 
 
Manusia pada hari ini gemar mengembara tetapi mereka perlu membawa 
pelbagai kelengkapan semasa pengembaraan termasuk kompas dan peta.  Bagi 
pengembara Muslim, mereka perlu membawa bersama penunjuk arah Kiblat kerana 
mereka mesti menghadap ke arah Kiblat ketika menunaikan sembahyang lima waktu 
sehari semalam walau di mana pun mereka berada.  Oleh itu, alat yang mudah dan 
efektif dari segi kos adalah menjadi satu keperluan bagi memudahkan para pengembara.  
Alat yang berasaskan kompas ini mengesan arah Utara Magnet menggunakan kompas 
terbina dalam (HMC6352).  HMC6352 memberikan keluaran arah yang kemudian 
dihantar ke PIC18F452.  Sebagai otak kepada alat ini, PIC18F452 memproses keluaran 
arah tersebut untuk dipaparkan dalam bentuk bacaan angka digital di atas 16×2 Paparan 
Kristal Cecair. Berdasarkan pangkalan data longitud dan latitud untuk 14 lokasi di 
Malaysia yang ditempatkan di dalam alat ini, arah Kiblat ditentukan menggunakan 
penyelesaian segitiga sfera. Penyelesain ini melibatkan longitud dan latitud lokasi 
semasa pengguna dan Makkah.  Pengaturcaraan C digunakan untuk membangunkan 
prosedur pengiraan bagi penyelesaian tersebut di dalam Penyusun C CCS.  Arah Kiblat 
yang telah dikira dalam darjah dan arah Utara Magnet ditunjukkan oleh anak panah di 
atas alat ini.  Alat ini boleh dipercayai kerana hanya terdapat 2.147% perbezaan sudut 
Kiblat antara alat ini dan pangkalan data JAKIM. Secara keseluruhannya, alat ini telah 
dibangunkan dengan jayanya untuk digunakan di mana sahaja di dalam Malaysia.  
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CHAPTER I 
 
INTRODUCTION 
 
 This chapter explains the overview of ETA’s project, objectives of project, 
project scopes and thesis outline. 
 
1.1 Overview 
 
People nowadays love to travel around the world.  During traveling, they 
have to bring maps, compass and for Muslims, they even have to bring a Qibla 
pointer as they still have to perform the five times prayer wherever they are.  In 
today’s market, technology is becoming more prevalent each day and it offers variety 
of devices to facilitate humans’ daily life.  The goal of this project is to come out 
with a simple and portable device for travellers in order to disburden them from 
bringing all those equipments into a small device instead. 
 
Electronics travel device in this project is designed combining compass and 
Qibla finder.  It displays the digital numeric readout of a compass and Qibla 
direction.  This project uses an electronic compass, HMC6352 which measures the 
orthogonal axes X and Y of the earth magnetic field. Thus, the output of HMC6352 
is in the form of heading (Mag X, Mag Y).  
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The Qibla direction is appointed on the LCD after being calculated using the 
algorithm developed.  The algorithm is developed using C Language programming 
as written C Language can be compiled for a very wide variety of computer 
platforms and operating systems with minimal change to its source code. 
 
1.3 Project Objectives 
 
The overall aim of the project is to facilitate travellers and navigators to find 
the direction of North and Qibla using a single device. The more specific objectives 
are described in the following: 
 
i. To design a mini portable travel device for travellers especially 
Muslim travellers.  
ii. To design a device with digital numeric readout. 
 
1.4 Project Scopes 
 
To achieve all the project’s objectives, the following scopes are listed and 
must be focused throughout the development of ETA. 
 
The first scope of this project is to develop a device for travellers based on 
electronics compass (HMC6352).  This electronics compass will give the output 
heading that later can be implemented in finding the North and Qibla direction. 
 
Another scope of this project is to implement C Language programming to 
display on LCD.  The software created with this implementation will send the data 
from input to the microcontroller and LCD. 
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1.5 Thesis Outline 
 
Chapter 1 explains the overview of ETA’s project, objectives of project, 
project scopes and thesis outline.   
 
Chapter 2 reviews the background of compass system, Qibla direction and the 
relationship of each part with ETA design.  Each part in ETA is discussed based on 
the literature review made from various sources. 
 
Chapter 3 focuses on the methodologies for the development and 
implementation of ETA.  It discusses the hardware and software implementation of 
ETA, how ETA works and the algorithm of ETA. 
 
Chapter 4 discusses all the results obtained and the limitation of the project.  
All discussions are concentrated on the result and performance of ETA. 
 
Chapter 5 discusses the conclusion of development of the project.  This 
chapter also discusses the problems and the recommendations for this project for the 
future development or modification. 
 
 
 
 
 
 
 
 
 
CHAPTER II 
 
LITERATURE REVIEW 
 
2.1 Background 
 
This chapter provides a concise and comprehensive description of compass, 
Qibla direction and the relationship of each part with ETA design.  The compass and 
Qibla finder are two essential parts of ETA design.  
  
2.2 Compass System 
 
A compass is a navigational instrument for finding directions on the Earth.  It 
consists of a magnetized pointer free to align itself accurately with Earth's magnetic 
field, which displays the direction of the horizontal component of the Earth's magnetic 
field at the point of observation.   
 
The magnetic compass is an old Chinese invention, first made in China during 
the Qin dynasty (221-206 B.C.).  Chinese fortune tellers used lodestones (a mineral 
composed of an iron oxide which aligns itself in a north-south direction) to construct 
their fortune telling boards.  Eventually someone noticed that the lodestones were better 
at pointing out real directions, leading to the first compass.  They designed the compass 
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on a square slab which had markings for the cardinal points and the constellations. The 
pointing needle was a lodestone spoon-shaped device, with a handle that would always 
point south. Magnetized needles used as direction pointers instead of the spoon-shaped 
lodestones appeared in the 8th century AD, again in China, and between 850 and 1050 
they seem to have become common as navigational devices on ships. The first person 
recorded to have used the compass as a navigational aid was Zheng He (1371-1435), 
from the Yunnan province in China, who made seven ocean voyages between 1405 and 
1433.  
 
William Gilbert published De Magnete, a paper on magnetism in 1600, about the 
use and properties of Magnetite.  An illustration from the paper is shown in Figure 2.1 
below. Magnetite was nicknamed lodestone which made of ferrites or magnetic oxide.  
These are natural magnets and are not inventions that attract iron and other metals.  
Ferrites were first discovered thousands of years ago.  Large deposits were found in the 
district of Magnesia in Asia Minor, giving the mineral's name of magnetite (Fe3O4).  In 
1819, Hans Christian Oersted reported that when an electric current in a wire was 
applied to a magnetic compass needle, the magnet was affected and this is called 
electromagnetism. [2] 
 
 
Figure 2.1: Illustration from "De Magnete" 
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The Earth’s magnetic field intensity is about 0.5 to 0.6 Gauss.  The performance 
of a compass will greatly depend on its installation location.  A compass depends on the 
earth’s magnetic field to provide heading.  Any distortions of this magnetic field by 
other sources should be compensated for in order to determine an accurate heading.  
Sources of magnetic fields include permanent magnets, motors, electric currents either 
DC or AC, and magnetic metals such as steel or iron.  The influence of these sources on 
compass accuracy can be greatly reduced by placing the compass far from them.  Some 
of the field effects can be compensated by calibration.  
 
Calibration is always used in electronics compass as the sensitivity is much 
higher than a usual magnetic compass. Calibration is done to diminish hard-iron effects 
of the end-user’s (customer’s) location of the compass.  Hard-iron effects from nearby 
ferrous materials with residual magnetism will buck or boost the intensity of the earth’s 
magnetic field, leading to heading errors.  During calibration, the compass is rotated on a 
flat surface at least one full circular rotation.  It collects several readings at various 
heading with the emphasis on rotation smoothness to gather uniformly spaced readings 
and corrects the hard-iron distortions of the earth’s magnetic field.  After being 
calibrated, the resulting offsets and scaling factors are updated.   
 
The compass accuracy should be considered because of the variation or 
declination angle too.  It is well known that the earth's magnetic poles and its axis of 
rotation are not at the same geographical location.  They are about 11.5° rotation from 
each other. [4]  This means that the north and south geographic poles and the north and 
south magnetic poles are not located in the same place.  Declination Angles of Earth 
Magnetic Field from True North in 2000 can be seen in Figure 2.2. 
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Figure 2.2: Declination Angles of Earth Magnetic Field from True North in 2000 
 
The magnetic declination in a given area will change slowly over time, possibly 
as much as 2-2.5 degrees every hundred years or so, depending upon how far from the 
magnetic poles it is.  This creates a difference between the true north, or grid north, and 
the magnetic north, or direction a magnetic compass will point.  Simply it is the angular 
difference between the magnetic and true north expressed as an Easterly or Westerly 
variation.  This difference is defined as the variation angle and is dependent on the 
compass location—sometimes being as large as 25°.  To account for the variation simply 
add, if Westerly, or subtract, if Easterly, the variation angle from the corrected heading 
computation. [4]  After heading is determined, the variation correction can be applied to 
find true north according to the geographic region of operation.  An example on how to 
account the variation is shown in Figure 2.3. 
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Figure 2.3: Difference of True North and Magnetic North 
 
2.3 Qibla Direction 
 
For Muslims it is obligatory to perform five times solah throughout the day and 
the night.  Muslims need to know the Qibla direction wherever they are in order to direct 
themselves towards it at the time of prayers. This step comes in obedience of God's 
saying: 
 
“From whencesoever Thou startest forth, turn Thy face in the direction of the 
sacred Mosque that is indeed the truth from the Lord. And Allah is not unmindful 
of what ye do.” 
 (Surah al-Baqarah: Verse 149) 
 
The Qibla has importance to more than just the solah, and plays an important part 
in everyday ceremonies.  The head of an animal that is slaughtered using Halal methods 
is aligned with the Qibla.  After death, Muslims are buried with their faces in the 
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direction of the Qibla.  Thus, archeology can indicate a Muslim necropolis if no other 
sign is present.   
 
The Qibla, for any point of reference on the Earth, is the direction of the Kaabah 
in Makkah City of Saudi Arabia.  Muslims do not worship the Kaabah or its contents; 
the Kaabah is simply a focal point for prayer.  There are methods in determining the 
direction of Kiblah; in the last 1000 years, several Muslim mathematicians and 
astronomers, such as Biruni, have discussed the correct way of determining the Kiblah 
direction from any point on the Earth's surface.   
 
2.3.1 Methods to Locate Qibla Direction 
 
Grand Sheikh of Al-Azhar has formed a committee to give a final fatwa 
(religious opinion) on the correctness of the nine scientific methods used to locate the 
Qibla direction.  As regards the nine methods of locating the Qibla direction, the first is 
arithmetic.  It applies the laws of spherical triangle solution and "half sinus." It proves, 
for instance, that the Qibla direction for an observer in Alexandria, Egypt is 135.5 
degrees to the direction of true north clockwise, in Seattle, Washington 17.5 degrees to 
the direction of true north clockwise, and in Hong Kong 285.1 degrees to the direction of 
true north clockwise.   
 
Trigonometry and its tables are applied under the second and third methods. 
These two methods proved the above-mentioned degrees of Qibla direction in 
Alexandria, Seattle and Hong Kong. 
 
As for the fourth method, the star sphere is used. During sailing, a navigator 
needs a quick method to locate the Qibla accurately. This method locates the Kaabah by 
adjusting its latitude to the inclination parallels on the star sphere and the Kaabah 
longitude. 
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The fifth method uses the star disc. The direction of Kaabah is located on the star 
disc with the same method used on the star sphere. The latitude of the Kaabah is 
matched with the inclination parallels of the celestial body and longitude of the Kaabah 
from the observer's site. 
 
The sixth method uses Weris' cone. The longitude of the Kaabah is matched with 
the base line of gradation on the celestial body inclination. 
 
The seventh method considers the site of the Kaabah a point of reference on 
some navigational devices. Some of these devices, like the one that locates sites via 
satellites, can store points of reference and indicate the direction and distance of these 
points at any moment. Thus, the site of Kaabah is stored in the device memory as a point 
of reference. If the direction of the Kaabah is needed at any time, the point of reference 
can be recalled. 
 
Regarding the eighth method, it benefits from the perpendicularity of the sun on 
the Kaabah. When the sun is perpendicular to Mecca, its direction at this very moment is 
the direction of the Qibla. The sun is perpendicular to the Kaabah twice a year when the 
sun inclination equals the Kaabah latitude and during the sun time. The sun height will 
be 90 degrees at this very moment for observers in Mecca. This phenomenon happens on 
May 28 at seventeen minutes and 52.8 seconds past 12 p.m. local time of Saudi Arabia 
and Egypt (summer time) and on July 16 at twenty-six minutes and 40.8 seconds past 12 
p.m. local time of Saudi Arabia and Egypt (summer time). On these two days, the sun 
can be watched by all inhabitants of Africa, Europe, East Asia up to the Philippines and 
the northwest part of Australia. Those who see the sun at the above-mentioned moment 
will be facing the Qibla, God willing. A streetlight, for instance, can be observed at this 
very moment to locate the direction of Qibla. Thus, each Muslim can be assured of his 
direction and stick to it the whole year round. 
 
